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(57) ABSTRACT

Disclosed is a method which allows steel strip to be produced
in which high hardness and good formability are combined.
The following steps of operation are followed:
making the steel strip from the heat-treatable steel,
heating the steel strip, when coiled into the open coil, to a
decarburising annealing temperature which may be up
to 20° C. below the A, temperature of the given heat-
treatable steel and which does not exceed the A _; tem-
perature of the given heat-treatable steel,
annealing the steel strip, in the open coil, in a decarburising
atmosphere for a decarburising annealing time of at least
90 minutes, the decarburising gas which forms the
decarburising atmosphere flowing through the gaps
which exist between the layers of the open coil,
accelerated cooling the steel strip, the depth of decarburi-
sation, as measured from the given surface of the steel
strip, being limited to a range which is less than a quarter
of the thickness of the steel strip.

14 Claims, 1 Drawing Sheet
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METHOD FOR PRODUCING A
SURFACE-DECARBURISED HOT-ROLLED
STRIP

BACKGROUND OF THE INVENTION

The invention relates to a method for producing a decar-
burised hot-rolled strip which is made of a heat-treatable steel
containing at least 0.4% by weight of carbon. Hot-rolled strip
produced from steels of this kind is of high hardness and is
therefore particularly suitable for the manufacture of articles
which are subject to high but locally limited loads in use. This
is the case with for example punching blades and comparable
cutting tools where, in practical use, both the cutting edge and
also the body of the blade which carries the cutting edge have
to withstand high forces during the cutting process.

The advantages of using heat-treatable steels having com-
paratively high carbon contents are offset by the disadvantage
that, due to their high hardness, it is only with comparative
difficulty that steels of this kind can be subjected to forming
processes. This means that when for example thin sheets
produced from heat-treatable steel of high hardness are sub-
jected to a forming process the formation of cracks occurs at
the surface of the sheets and these cracks may then be the
starting point of fractures in the component produced from a
given sheet.

Basically, it is known that the formability of steels can be
improved by decarburising annealing. In this way, steels
intended for deep drawing which are produced from soft
steels are subjected to decarburising annealing. The aim in
this case is to reduce the carbon content as uniformly as
possible across the entire cross-section of the sheet or plate in
order to ensure that its behaviour when formed is as uniform
as possible.

An example of the decarburising annealing of a cold-rolled
strip intended for processing by deep drawing which is made
of a steel having flow carbon contents which are typically
appreciably less than 0.03% by weight is described in GB
1,189,464. In this known process, hot-rolled strip is hot rolled
from a slab at a final rolling temperature of 850-950° C. The
hot-rolled strip obtained is then reeled at a reeling tempera-
ture of 600° C. and is then cold rolled to the desired final
thickness.

After the cold rolling, the cold-rolled strip is wound into an
open coil by the known method and is decarburising annealed
as an open coil. An open coil of this kind is wound sufficiently
loosely for the individual layers of the coil which it forms to
be separated from one another by spaces. In this way, the
reactive gas can flow through the gaps present between the
individual layers of the coil, which means that in case the flow
of gas is guided in an optimised way, the gas is allowed to
sweep over every surface of the coil in the same way.

To achieve the degree of decarburisation which is required
in GB 1,189,464, long annealing times are required. In this
way, a steel containing 0.04% by weight of carbon has, under
GB 1,189,464, first to be heated for 8 to 12 hours to the
decarburising annealing temperature required in a substan-
tially dry atmosphere. Water vapour is then fed into the atmo-
sphere of the furnace in a ratio of 200:1 to set the decarburis-
ing process in motion. The decarburising annealing is then
continued for a further 10 hours in the reducing atmosphere
which has been formed in this way until the desired reduction
in the carbon content has been achieved.

Another possible way of decarburising annealing cold-
rolled strip intended for deep-drawing purposes which con-
tains 0.03-0.06% by weight of carbon is described in DE-OS
2 105 218. In this method, the cold-rolled strip is passed in a
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continuous run through a furnace in which a reducing atmo-
sphere is maintained at an annealing temperature which is
less than 780° C. The time of passage of the strip through the
annealing furnace is set in such a way that when it emerges
from the annealing furnace its carbon content is less than
0.01% by weight.

SUMMARY OF THE INVENTION

Against this background, the object underlying the inven-
tion was to provide a method which allows a steel strip to be
produced in which high hardness on the one hand and good
formability on the other hand are combined with one another
in an optimum way.

In accordance with the invention, steel strip is first pro-
duced in a known fashion from a heat-treatable steel contain-
ing at least 0.4% by weight of carbon. This steel strip may be
cold-rolled strip or hot-rolled strip, the method according to
the invention being particularly suitable for treating hot-
rolled strip which is to be processed at a given thickness
which is above the thickness of cold-rolled strip.

In accordance with the invention, the steel strip is wound
into an open coil and, as an open coil, is heated over a time
span of adequate length to a decarburising annealing tempera-
ture. This temperature may be up to 20° C., and in particular
up to 10° C., below the A_; temperature of the given heat-
treatable steel and may not exceed the A_; temperature of the
given heat-treatable steel.

The decarburising annealing of the steel strip in the open
coil then takes place in a decarburising atmosphere for a
decarburising annealing time of at least 90 minutes. During
the decarburising annealing time, the decarburising gas
which forms the decarburising atmosphere flows though the
gaps which are present between the layers of the open coil.

DETAILED DESCRIPTION OF THE DRAWING

FIG. 1 is a diagram in which, for the steel strip which was
decarburized in the manner described below, carbon content
% C in % by weight is plotted against distance A from the
surface (distance A =0 pum)) of the steel strip. The depth of
decarburization which is then obtained in any given case is
typically in a range from 30 to 120 pm.

The advantage of the decarburising annealing according to
the invention for a steel strip wound into an open coil lies in
the fact that in this way an even temperature distribution can
be achieved over the length and breadth of the steel strip being
processed in the given case while saving time. The annealing
conditions are so selected in this case in accordance with the
invention that an evenly distributed microstructural state is
present over the whole strip. In this way, the annealing tem-
perature range which is laid down in accordance with the
invention ensures that in the strip which is processed in the
given case adequate amounts of ferrite are still present to
enable the carbon to diffuse at a fast rate. This diffusion takes
place up to a hundred times faster in ferrite than in austenite.

To obtain annealing times which are as short as possible,
the decarburising annealing temperature is preferably set, in
accordance with the invention, in a range which is 10-20° C.
lower than the A_, temperature. Setting the decarburising
annealing temperature in this way ensures that the heat-treat-
able steel of the steel strip which is processed in the given case
has a ferritic microstructure, which means that an optimum
rate of diffusion is obtained for the carbon.

Following the decarburising annealing, the open coil is
cooled at an accelerated rate to prevent any unwanted post-
diffusion of carbon, the extent of which would be uncertain,



US 8,449,694 B2

3

from occurring into the previously selectively decarburised
surface layer as a result of the heat present in the coil. The
accelerated cooling should start in this case as soon as pos-
sible, and if possible immediately, after the end of the decar-
burising annealing time and should take place at a cooling rate
of at least 1° C./min.

It is also beneficial for the accelerated cooling to take place
under a protective gas. This provision also serves to very
largely prevent uncontrolled decarburising of the steel strip
during the cooling.

In a steel sheet or plate which has been treated in a manner
according to the invention, there is present a decarburised
surface layer, as measured from the given surface of the steel
strip, whose depth is in each case less than a quarter of the
thickness of the steel strip, which means that only regions
close to the surface are involved in the decarburising accord-
ing to the invention. In practice, the parameters of the method
according to the invention are preferably so selected that
depths of decarburisation of a maximum of 120 um, and in
particular of a maximum of 30-120 pm, are obtained.

Consequently, the steel strip obtained by a method accord-
ing to the invention is characterised in that, as a result of the
decarburising treatment, it has a high ability to be formed by
bending in the region of a layer close to the surface. At the
same time, the strip which is treated in accordance with the
invention has a high core hardness due to the fact that the
initial high carbon content is still maintained in the core
region of the steel strip when fully decarburised.

All in all, due to its soft annealed state (no pearlite forms
after the annealing), steel strip which is heat-treated in accor-
dance with the invention is of a strength which is reduced in
comparison with the initial state and this strength has a ben-
eficial effect on the possible ways in which it can be further
processed.

Because of the comparatively low decarburising annealing
temperatures and the short annealing times, the method
according to the invention can be carried out particularly
inexpensively and efficiently.

The particular combination of properties which steel sheet
or plate has which is made of a heat-treatable steel and which
has been treated in accordance with the invention allows steel
strip of this kind to be subjected to forming processes without
the risk of cracking. As such, steel sheet or plate produced in
accordance with the invention can for example be used par-
ticularly satisfactorily for the production of punching blades
or similar articles which have, when required, to be bent
sharply in order to be given the shape they are intended to
have.

The production of a semi-finished product from steel sheet
or plate produced in accordance with the invention may in this
case comprise severing operations such as punching or cut-
ting and forming operations such as deep drawing or bending.
Ifrequired, the semi-finished products which are produced in
this way may also go through a final annealing treatment.

The decarburising time which is selected in any given case
when carrying out the method according to the invention will
be adjusted by the depth of decarburisation which is required
in the given case. [t is typically at least 90 minutes. Under the
operating parameters laid down by the invention, experience
shows that, with for example heat-treatable steels having a C
content of 0.55% by weight, a depth of decarburisation of at
least 30 um can be obtained in this time.

Basically, with a given decarburising temperature, a depth
of decarburisation which has been laid down and a dew point
for the decarburising atmosphere which has been laid down,
the duration over which the decarburising treatment accord-
ing to the invention has to be carried out in order to obtain a

20

25

30

35

40

45

50

55

60

65

4

given depth of decarburisation can be determined from the
carbon content of the steel strip to be treated and the weight of
the coil thereof. If the depth of decarburisation is to be limited
to a maximum of 120 pm, then experience shows that the
decarburising time can be limited to a maximum of 120
minutes for this purpose.

In a manner known per se, when the decarburising accord-
ing to the invention is being carried out use is also made of a
gas mixture comprising nitrogen, hydrogen and water vapour
as a decarburising gas. At a dew point of between 20 and 28°
C., and in particular of between 20 and 26° C., a decarburising
atmosphere of this kind typically contains 85-97% by volume
of nitrogen and 3-15% by volume of hydrogen, an atmo-
sphere which is used in practice typically containing 93% by
volume of nitrogen and 7% by volume of hydrogen.

In the method according to the invention, the heating to the
decarburising temperature also usefully first takes place in an
atmosphere of protective gas. Once the decarburising tem-
perature has then been reached, the steel strip is exposed to the
decarburising atmosphere in the open coil. The atmosphere of
protective gas which is maintained during the heating may
contain 85-97% by volume of nitrogen and 3-15% by volume
of'hydrogen, an atmosphere of protective gas which is used in
practice typically containing 93% by volume of nitrogen and
7% by volume of hydrogen. Once the decarburising tempera-
ture is reached, water vapour is then fed into this atmosphere
to create the reducing decarburising atmosphere in which the
C+H,0->CO+H, decarburising reaction starts up.

The amount of water required in the furnace for the decar-
burising reaction can be controlled as a function of the dew
point. For this purpose, the dew point of the decarburising
atmosphere can be measured for the whole of the decarburis-
ing annealing time. The proportion of water vapour in the
decarburising atmosphere is then set, as a function of the
result of a set/actual comparison, in such a way that the dew
point of the atmosphere is held in the range from 20 to 26%.

To remove any oxide layers and residual amounts of lubri-
cant which may be present on the steel strip which is being
processed in the given case, the steel strip should be pickled
before being wound into the open coil.

As well as this, it may also be beneficial from the point of
view of the dimensional accuracy, and in particular the flat-
ness, of the strip steel obtained for the steel strip to be skin-
pass rolled after the pickling and before being wound into the
open coil.

The method according to the invention can then be carried
out in a particularly simple way if the heating and decarburis-
ing annealing of the open coil take place in a batch type
annealing furnace.

Practical investigations have shown that particularly good
results can be obtained from production by the method
according to the invention ifthe decarburising annealing tem-
perature is 680-780° C., the effect being particularly benefi-
cial if the annealing temperature is selected to be close to the
A_, temperature.

The composition of a heat-treatable steel which is suitable
for the production of steel sheets or plates processed in accor-
dance with the invention is typically as follows (in % by
weight):

C: 0.4-1.0%

Si: 0.1-0.5%

Mn: 0.3-1.2%

P: <0.02%

S: <0.008%

Al: 0.01-0.05%

Cr: 0.1-0.5%

Ni: 0.1-0.4%

Mo: =0.1%

Remainder: iron and unavoidable impurities.
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In what follows, the invention will be explained in detail by
reference to embodiments.

A heat-treatable steel containing (in % by weight) 0.5% C,
0.2% Si, 0.75% Mn, <0.12% P, <0.003% S, 0.02% Al and
0.1% Cr, as well as iron and unavoidable impurities, was cast
by conventional continuous casting into a starting material
such as a slab or thin slab.

The slab was then hot rolled in a manner known per se into
steel strip. The final temperature in the hot rolling was in the
range from 850 to 950° C. in this case, the final hot-rolling
temperature which was actually selected in the present case
having been 900° C.

The steel strip which emerged as hot-rolled strip from the
finish rolling line at this final hot-rolling temperature was
cooled to a reeling temperature of 600-620° C. and was coiled
into a conventional coil whose layers were in close contact
with one another. The actual reeling temperature selected was
620° C.

After the reeling, the steel strip was unreeled and, likewise
in a manner known per se, was pickled and, directly after-
wards, skin-pass rolled.

The skin-pass rolled steel strip was then coiled into an open
coil in a known fashion. When this was done, the layers of the
steel strip in the coil were held at a distance from one another,
by the insertion of a wire or some other suitable means, in
such a way that a space through which gas could flow was
formed between each pair of adjacent layers.

As an open coil, the steel strip was then placed in a batch
type annealing furnace and was heated for a heating time of
10 hours in an atmosphere of protective gas containing 93%
by volume of N and 7% by volume of H, until the entire coil
was at the decarburising annealing temperature, which was
700° C.

The decarburising annealing temperature having been
reached, water vapour was introduced into the atmosphere of
protective gas to start the decarburising reaction. The amount
of'water vapour fed in was sized in this case in such a way that
the dew point of the atmosphere was constant at 26° C. during
the decarburising.

The open coil was kept in this atmosphere for a decarburis-
ing annealing time of 90 minutes. The dew point of the atmo-
sphere existing in the batch type furnace was measured con-
tinuously during the decarburising annealing time and was
compared with a desired value. As a function of the result of
this comparison, the composition of the decarburising atmo-
sphere, and in particular its water vapour content, was set in
such a way that its dew point was held substantially constant
at26° C.

Immediately following the expiry of the decarburising
annealing time, the open coil was cooled, while still in the
batch type furnace and in an atmosphere of protective gas, at
a cooling rate of 1° C./min.

The surface-decarburised steel strip which was obtained in
this way had 40 um thick decarburised surface layers adjacent
its surfaces whereas its inner core region adjacent to the
decarburised surface layers still had the same carbon content
as the starting steel.

The invention claimed is:

1. A method for producing a surface-decarburised steel
strip which is made of a heat-treatable steel containing at least
0.4% by weight of carbon, comprising the steps of:

making of the steel strip from the heat-treatable steel,

heating of the steel strip, when coiled into the open coil, to

a decarburising annealing temperature which may be up
to 20° C. below the A, temperature of the given heat-
treatable steel and which does not exceed the A_; tem-
perature of the given heat-treatable steel,

annealing ofthe steel strip, in the open coil, in a decarburis-

ing atmosphere for a decarburising annealing time of at
least 90 minutes, the decarburising gas which forms the
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decarburising atmosphere flowing through the gaps
which exist between the layers of the open coil, and

accelerated cooling of the steel strip, wherein the acceler-
ated cooling is carried out under a protective gas atmo-
sphere, the depth of decarburisation, as measured from
the given surface of the steel strip, thus being limited to
a range which is in each case less than a quarter of the
thickness of the steel strip.

2. The method according to claim 1, wherein the depth of
the decarburisation is 30-120 pm.

3. The method according to claim 1, wherein the decar-
burising annealing time is a maximum of 120 minutes.

4. The method according to claim 1, wherein the decar-
burising atmosphere contains 85-97% by volume of nitrogen
and 3-15% by volume of hydrogen.

5. The method according to claim 1, wherein the steel strip
is heated, in the open coil, to the decarburising annealing
temperature in an atmosphere of protective gas before it is
exposed to the decarburising atmosphere for the decarburis-
ing annealing time.

6. The method according to claim 5, wherein the atmo-
sphere of protective gas which is maintained during the heat-
ing contains 85-97% by volume of nitrogen and 3-15% by
volume of hydrogen and in that, on the decarburising anneal-
ing temperature being reached, water vapor is fed into the
atmosphere of protective gas to produce the decarburising
atmosphere.

7. The method according to claim 6, wherein over the
decarburising annealing time, the dew point of the decarburis-
ing atmosphere is held in the range 20-28° C. by regulating
the proportion of water vapor it contains.

8. The method according to claim 1, wherein the steel strip
is pickled before being wound into the open coil.

9. The method according to claim 8, wherein the steel strip
is skin-pass rolled after the pickling and before being wound
into the open coil.

10. The method according to claim 1, wherein the heating
and decarburising annealing of the open coil are carried out in
a batch annealing furnace.

11. The method according to claim 1, wherein the decar-
burising annealing temperature is 680-780° C.

12. The method according to claim 1, wherein the decar-
burising temperature is 10-20° C. lower than the A _, tempera-
ture.

13. The method according to claim 1, wherein the compo-
sition of the heat-treatable steel comprises (in % by weight):

C: 0.4-1.0%

Si: 0.1-0.5%

Mn: 0.3-1.2%

P: <0.02%

S: <0.008%

Al: 0.01-0.05%

Cr: 0.1-0.5%

Ni: 0.1-0.4%

Mo =0.1%

the remainder being iron and unavoidable impurities.

14. The method according to claim 1, wherein the follow-
ing steps of operation are completed in the course of the
making of the steel strip:

melting of the heat-treatable steel,

casting of the heat-treatable steel into a starting material

such as a slab or thin slab,

hot rolling of the starting material into the steel strip at a

final hot-rolling temperature of 850-900° C., and
reeling of the steel strip at a reeling temperature which is
600-620° C.
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